BACKGROUND {#sec1-1}
==========

Traumatic spinal cord injury (SCI) is defined as physical trauma to the spinal column yielding altered motor, sensory, or autonomic function.\[[@ref14]\] These injuries occur predominantly in young adults and in severe cases can cause devastating neurologic deficits, including complete or incomplete para/tetraplegia.\[[@ref22]\] Despite advances in care, patients suffering from severe SCI are more likely to die prematurely\[[@ref21]\] and are more prone to suffer from medical morbidities. Patients are also less likely to actively contribute to the economy.\[[@ref10][@ref15]\] As such, there has been long-standing interest in developing pharmacological interventions that either preserve or restore neurological function after injury.

The pathogenesis of SCI can be divided into two stages. The first stage involves the initial physical trauma with resulting tissue damage. Following this stage, a cascade of destructive biological changes occurs, resulting in secondary injury.\[[@ref6]\] Most therapeutic strategies for SCI aim to mitigate these "secondary" events, which include inflammation, lipid peroxidation, and excitotoxicity.\[[@ref1][@ref3][@ref4][@ref5][@ref13][@ref20]\] Because glucocorticoids suppress many of these secondary events, investigators have explored its utility as SCI therapy.\[[@ref12]\] While there are compelling data in experimental models, randomized control trails (RCTs) have generally not demonstrated compelling efficacy.\[[@ref2][@ref12][@ref23]\] This article summarizes five landmark RCTs that examined the use of glucocorticoids in the setting of acute traumatic SCI.

RANDOMIZED CONTROL TRIALS {#sec1-2}
=========================

National Acute SCI Study I (NASCIS I, 1984) was a multicenter, double-blinded RCT that randomized 330 patients with SCI into two treatment arms:

100 mg bolus methylprednisolone followed by 25 mg every 6 h for 10 days or1000 mg bolus methylprednisolone followed by 250 mg every 6 h for 10 days.

The study design did not involve a placebo group because the prevailing belief at the time was that glucocorticoid treatment was likely beneficial and could not be withheld based on ethical considerations. Exclusion criteria were: Age \<13, pregnancy, risk factors for steroid morbidity (e.g., concurrent infection or gastrointestinal \[GI\] bleeding), isolated radiculopathy or cauda equina injury, presentation \>48 h after injury, and steroid administration prior to presentation. Motor and sensory assessments were performed using a customized grading scale developed by the investigators. At 6 months, 179 patients (54%) were available for follow-up. Of these patients, 70.6% demonstrated an improvement in motor score, 6.1% were unchanged, and 23.3% showed worsened motor score. There was no difference in observed improvements between high and low dose groups. Due to the absence of a true placebo group, it remains unclear whether the observed improvement can be attributed to steroid use. There was a statistically significant increase in wound infections in the high-dose group (9.3% vs. 2.6%). There were also trends toward increased incidence of sepsis, pulmonary embolism, and death within 14 days in the high-dose group (8.6 vs. 5.2%; 4.6% vs. 2.6%; and 5.9 vs. 1.9%, respectively), though these associations did not reach statistical significance.\[[@ref7]\]

NASCIS II, 1990 was a multicenter, double-blinded RCT that randomized 487 patients with acute traumatic SCI to three arms: (1) 30 mg/kg bolus followed by 5.4 mg/kg for 23 h; (2) naloxone 5.4 mg/kg bolus followed by 0.5 mg/kg/h for 23 h; and (3) placebo. Exclusion criteria were: Age \<13, pregnancy, addiction to narcotics, high-risk for steroid morbidity (e.g., concurrent infection or GI bleeding), patients who suffered isolated radiculopathy or cauda equina injury, patient with life-threatening comorbidities or who suffered injury more than 12 h prior to presentation, and patients who received steroid administration prior to presentation. Motor and sensory assessments were performed using the standardized American SCI Assessment (ASIA) scale. At 1-year, 427 patients (95%) were available for follow-up. No differences in the motor or sensory scores were observed when comparing the three arms. However, in a *post-hoc* analysis stratifying patients by time to treatment, the patients who received steroids within 8 h (38%) showed a five-point improvement in motor score (*P* = 0.03) relative to those receiving steroid after 8 h (72%). Notably, the baseline characteristics of the two groups in this analysis were not balanced. For instance, placebo patients who received steroid within 8 h fared worse compared to placebo patients receiving steroid after 8 h. As such, the validity of the *post-hoc* analysis remained controversial to date.

Two additional RCTs specifically explored whether high-dose steroid administration within 8 h of SCI is associated with improved neurologic recovery. Both studies failed to recapitulate the findings yielded by the *post-hoc* analysis of NASCIS II. In 1994, Otani *et al.* reported a nonblinded RCT, randomizing 117 patients from 11 centers to: (1) Methylprednisolone (30 mg/kg) bolus then (5.4 mg/kg/h) for 23 h (*n* = 82) or (2) routine medical management (*n* = 76). Of note, control subjects were allowed to receive a nonmethylprednisolone corticosteroid at a dose equivalent of 100 mg/day methylprednisolone for a maximum of 7 days. Exclusion criteria were similar to those used in NASCIS II, except for the exclusion of patient age \<15 or \>65. In addition, 41 patients were excluded due to protocol violations. Neurological assessments were the same as those employed for NASCIS 2. At 6 months, 116 of the 117 patients were available for follow-up. There were no significant differences in the motor or sensory recovery between treatment arms.\[[@ref16]\]

In 2000, a single center, double-blinded RCT by Pointillart *et al.* reported similar negative findings. In this study, 106 SCI patients treated within 8 h of injury were randomized to 4 treatment arms: (1) Methylprednisolone 30 mg/kg bolus then 5.4 mg/kg/h for 23 h, (2) nimodipine 0.5 mg/kg/h for 2 h then 0.03 mg/kg/h for 7 days, (3) combined methylprednisolone and nimodipine, or (4) placebo. Exclusion criteria were identical to those reported by Otani *et al.* that 100 out of 106 patients were available for follow-up at 1-year. While there were significant neurological improvements in each group at the 1-year follow-up, no significant differences in the motor or sensory function scores were noted between the two groups.\[[@ref18]\]

NASCIS III, 1997 was a multicenter study that examined whether extending methylprednisolone infusion times (to 48 h) is associated with the therapeutic benefit. In this trial, 499 patients with acute traumatic SCI who presented within 8 h of injury were recruited and received a 30 mg/kg methylprednisolone bolus. Study subjects were then randomized to: (1) 5.4 mg/kg/h methylprednisolone for 24 h, (2) 5.4 mg/kg/h methylprednisolone for 48 h, and (3) tirilazad 2.5 mg/kg every 6 h for 48 h.

Exclusion criteria and neurologic assessment tools were similar to those used in NASCIS II. Functional disability was scored using the Functional Independence Measure to determine the quality of life. 452 of the 499 patients (92%) were available for follow-up at 1-year. There were no significant differences in any of the primary endpoints between the three arms. *Post-hoc* analysis suggested motor function improvement by five ASIA motor points in those patients who received 48-h methylprednisolone infusion beginning 3--8 h after injury. NASCIS III additionally reported that prolonged steroid use was associated with increased risk of severe pneumonia (*P* = 0.02).\[[@ref8]\]

EXPERT OPINIONS {#sec1-3}
===============

"There is convincing and undeniable data justifying the clinical use of glucocorticoid, particularly in those who suffered from incomplete SCI" by Ekkehard Kasper, M.D., Ph.D., Beth Israel Deaconess Medical Center, Boston, MA, USA.

The American Association of Neurological Surgeons (AANS) and the Congress of Neurological Surgeons (CNS) released a consensus statement in 2013 that the use of glucocorticoids in acute traumatic SCI is no longer recommended. This view was balanced by position statement by the American Academy of Emergency Medicine stating that treatment with glucocorticoids remains an acceptable treatment option though not a standard. It is my opinion that there is convincing and undeniable data justifying the clinical use of glucocorticoid, particularly in those who suffered from incomplete SCI. I would reference two important studies to support this opinion.First, Pettersson and Toolanen randomized 40 patients who suffered Quebec Task Force Classification Grade II and III whiplash injury from motor vehicle collisions to high-dose methylprednisolone (30 mg/kg bolus followed by 5.4 mg/kg/h for 23 h) or no treatment. At the 6 months follow-up, the treated patients displayed fewer disabling symptoms (*P* = 0.047) and fewer sick days referable to injury (*P* = 0.01).\[[@ref17]\] Second, in the surgical timing in acute SCI study, a prospective cohort study was designed to determine whether timing of surgery influenced functional recovery from acute traumatic cervical SCI, early decompression (\<24 h), incomplete SCI, and steroid administration were associated with better neurologic outcomes.\[[@ref9]\] In terms of the safety of high-dose methylprednisolone, Sauerland *et al.* performed a systematic review of approximately 2500 patients from 51 trials that involved the use of high-dose methylprednisolone. They found no evidence that methylprednisolone increased the risk of GI bleeding, wound complication, pulmonary complications, or death.\[[@ref19]\]

"We should avoid the medieval tendencies to use whatever agents available to us, whether leeches or corticosteroids, to treat diseases for which we have little fundamental understanding" by Vishal Bansal, MD, University of California, San Diego.

Enthusiasm for glucocorticoid treatment following SCI has waned quickly following the NACIS II and III studies. This is not coincidental but rather heavily supported by several "postNACIS" clinical trials. Indeed, Level 1 evidence has bolstered current AANS/CNS and Advance Trauma Life Support guidelines precluding the use of steroids in the treatment of acute SCI. As detailed in the above concise summary, NACIS II had several statistical flaws. Moreover, only neurologic scores from the right half of the body were reported. The slight improvement in motor scores (five-point change) in the treatment arm has questionable biological significance. In a review of medical complications in patients enrolled in NACIS II, Gerndt *et al.*, found a 4-fold increase in the incidence of acute pneumonia, ventilator days, and Intensive Care Unit (ICU) length of stay in steroid patients versus control.\[[@ref11]\] Therefore, the hallmark study used to justify steroid use in SCI showed minimal neurologic improvements and likely worsen ICU outcomes. Given the available data, we should avoid the medieval tendencies to use whatever agents available to us, whether leeches or corticosteroids, to treat diseases for which we have little fundamental understanding.

RECOMMENDATIONS {#sec1-4}
===============

It is not that the RCTs conclusively demonstrate that steroids do not work in SCI. It is that there is no RCT data suggesting that steroid is effective in SCI. The term "acute traumatic SCI" is useful as an intellectual construct. However, it is important to recognize that this term encapsulates a wide spectrum of disease states that differed in the mechanism and severity of injuries. This complexity is further confounded by the inherent variability in the baseline functional reserve of the patient population as well as in their physiologic response to injury. When these factors are not taken into consideration during RCT design, detection of efficacy is possible only if the potency of therapy overwhelms the influences of the various confounding factors. The above presented RCTs suggest that the efficacy of high-dose glucocorticoid therapy did not reach this threshold for the heterogeneous population of patients who present with "acute traumatic SCIs". In the over 1500 patients enrolled in the five RCTs, high-dose glucocorticoid treatment did not meaningfully improve the functional recovery of acute traumatic SCI patients when analyzed by the primary endpoint of the trial. While it may be the case that glucocorticoid may be efficacious in a subset of traumatic SCI patients, e.g. those with incomplete SCI, this thesis has not been formally subjected to the scrutiny of a properly designed RCT and warrants future investigations. Notably, all three NASCIS studies demonstrated increased risk of adverse events in the steroid-treated populations. Though high-dose steroid treatment may be safe in other patient populations,\[[@ref19]\] caution should be exercised in the setting of acute traumatic SCI given the data from NASCIS.
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